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Preparation of Colloidal Metals in Constrained Environments
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Slow controlled growth on existing
nuclei

V.F. Puntes, Kannan Krishnan and A. P._ Alivisatos. Science 2001, 291, 2115;
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Microstructure of Cobalt Nanocrystals
e-Cobalt (11 nm particles)
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La Mer Synthesis of Cobalt Nanocrystals

Control - size, size distribution, shape & morphology

Core shell structures: surface modification , water solubility

Y. Bao and Kannan Krishnan , Advanced Materials (submitted)




Synthesis and magnetic properties of FePt alloy NCs

ZFG-FC moment,H = 10 Os. Bateh 1 boforo annealing

FoPt2 XRD-s B
T

FoPt2 loops vs annealing (Ws~58.5 emuig)
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Yuping Bao, A.B. Pakhomov, K. M. Krishnan, Jour. Appl. Phys., (submitted)

Stability of Nanocrystals
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Y.Bao, M. Beerman, A.B. Pakhomov and . Nanoletters (subitted)

Weak Forces Involved in the Self-assembly Process
Van der Waals: (1.6x107%'J)
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Steric repulsion: (1-2x10%'J)
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ky is the Boltzman constant
T is temperature

a s the monomer dimension (~0.5 nm)

is the volume fraction of the surfactant
&is extent of overlap of surfactants (2L - D)
Lis the surfactant length

Magnetostatic or dipolar Interaction:~ (1072'J)

“Entropy” Forces

Self-assembly of intermediate size (8-10 nm)

Co nanocrystals (superparamagnetic)

Classical 1% Order Phase Transition




Self-assembly of Bimodal size distributions

Two different NC Sizes
Role of Surfaces

Y. Bao, M. Beerman and Kannan M. Krishnan, Jour.
Mag. Mag. Mat., 266, 1.245-1249 (2003)

Entropy-induced Wetting: Depletion forces determine self-assembly

Self Assembly of Co Nanoparticles: Large FM particles
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Magnetostatic interactions dominate self-assembly

Self Assembly of Co Nanodisk: Lyotropic liquid crystals

Y. Bao, M. Beerman and Kannan M. Ki
Mag. Mag. Mat., 266, 1.245-1.249 (200

Do magnetostatic interactions dominate self-assembly ?

Introduction to Electron Holography

(intensity of the hologram)
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Transmission Electron Holography: Spherical Co Nanocrystals

Collaborators: Shindo Group (IMRAM, Tohoku University)

Quantitative estimation of magnetic flux density
from the reconstructed phase images

l
°

!
3
o

I(u)frm the top .f

(b) from the bottom

e
>

05

Magnetic flux density/T
5

Transmission Electron Holography: Co Nanodisks
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Work in Progress: Dipolar Ferromagnets ?

Ferromagnetism in the absence of exchange interactions

Ground State
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Ferromagnet ?
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Luttinger and Tisza (1946)
Roser and Corrunccini (1990)
Bouchaud and Zerah (1993)




ZFC - FC- TRM measurements

0.012

0.008

0.006

Moment (emu)

0.002

Temperature (K)

6nm spheres + TOPO/OA in powder form

Collaborators: Per Norblad and Petra Jonsson, Uppsala University

Non-linear susceptibility : Spin glass transition ?
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The current status of our measurements
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Log — log plot gives x, and a.

M
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Nonlinear exponent o
as a function of temperature

o is constant below
the critical temperature, but
decreases as field increases

Not a bulk spin glass transition !

Relaxation Dynamics: Effect of Surfactant Friction

¢ Neel relaxation for 20 nm cobalt
particles blocked:
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e fp,~20 Hz; f5,~0.45 Hz; T

* Handbook data: m; ~1.32 mPa- s )

(1,2-Diclorobenzene @ 25°C);
M, ~ 27.64 mPa - s (Oleic acid @ n
25°C)

o f5,/f5~40; M, /M, ~ 20;

A. B. Pakhomov, Yuping Bao and Kannan M. Krishnan “Jour. Appl. Phys., (submitted):




